Introduction
============

Faces from races with which we are familiar are easier to recognize than faces from races with which we have little experience. This own-race advantage (ORA) is a well-established phenomenon occurring across different countries and racial groups (see Meissner and Brigham, [@B22], for review). However, the mechanisms underlying the ORA are less well understood.

Recent studies have suggested that weaker holistic processing for other-race than own-race faces might be a critical factor contributing to the ORA (Rhodes et al., [@B32]; Tanaka et al., [@B40]; Michel et al., [@B23],[@B24]). Holistic processing is a special perceptual mechanism used to encode upright faces, involving integration of information from across the whole-face (Maurer et al., [@B17]). Experimentally, holistic processing is measured using standard tasks including the part-whole task (Tanaka and Farah, [@B39]) and the composite task (Young et al., [@B42]). In the part-whole task participants learn a face, then at test are shown a pair of stimuli (a target and a foil) and are asked to recognize a feature from the studied face (e.g., the eyes). At test the features are presented either in isolation (part condition) or within the original face (whole condition). Foils in both the whole and the part condition differ from the studied face only by the target feature. Holistic processing is indicated by a memory advantage for the whole-face over the isolated part condition. Likewise, the composite task requires participants to identify one half of a face (e.g., the top-half) while ignoring the other half (e.g., the bottom-half). When the face halves are aligned to form a percept of a whole-face, interference from the bottom-half reduces identification accuracy for the top-half compared to when the halves are misaligned (i.e., do not form a single whole). In the general population these effects are observed for upright faces only and are absent or greatly reduced for other objects and inverted faces (for reviews see Rossion, [@B38]; McKone and Robbins, [@B20]; but see Richler et al., [@B36]). Thus it is argued these tasks tap a style of processing that is specialized for upright faces.

While there is clear evidence for a holistic mode of processing for faces, are all faces processed holistically to the same degree? Three studies using the part-whole task with Caucasian participants have found a significant whole-face advantage for Caucasian but not Asian faces (Tanaka et al., [@B40]; Michel et al., [@B23]; Mondloch et al., [@B27]), suggesting that holistic processing is used for own-race but not other-race faces. However, Asian participants have consistently shown a different pattern, that is, a whole-face advantage for both Asian and Caucasian faces with no significant interactions involving race-of-face (Tanaka et al., [@B40]; Michel et al., [@B23]; Mondloch et al., [@B27]). Thus, these studies suggest that the race-of-participant may be a factor in determining whether the strength of holistic processing varies across different race faces.

Results from the composite task are mixed. The findings of Michel et al. ([@B24]) follow those for the part-whole effect; Caucasian participants showed a significant alignment disadvantage for Caucasian but not Asian faces, whereas Asian participants showed a significant alignment disadvantage for both Asian and Caucasian faces (although the effect was numerically larger for Asian faces). In contrast Mondloch et al. ([@B27]) and Hayward et al. (in preparation) both found similar sized composite effects for Asian and Caucasian faces in both Asian and Caucasian participants suggesting no race-of-face effect on holistic processing.

One proposed explanation for the wider use of holistic processing is that Asian participants may have gained enough experience with Caucasians to process Caucasian faces holistically. This was certainly a possibility in two of the previous studies (Tanaka et al., [@B40]; Michel et al., [@B23]) where the Asian participants were recruited and living in predominantly Caucasian countries. An alternative explanation for this lack of difference in holistic processing of own- and other-race faces is that Asians process all stimuli more globally than Caucasians (Michel et al., [@B23],[@B24]). Growing evidence from non-face domains suggests that Asians are more sensitive than Caucasians to the global context of a stimulus in perceptual tasks (e.g., center-surround size illusion, Doherty et al., [@B6]; rod-frame illusion, Ji et al., [@B11]; frame-line task, Kitayama et al., [@B14]). More directly, McKone et al. ([@B18]) recently found that Asian participants showed a strong global bias relative to Caucasians on the Navon ([@B28]) task suggesting a global bias in attention to objects. Thus it has been argued (Michel et al., [@B23],[@B24]) that the holistic processing observed for other-race faces in Asian participants might not result from face-specific mechanisms but rather from a domain-general global processing bias.

The aim of the present study was to investigate possible sources of the strong holistic processing of other-race faces by Asian participants. To perform this investigation we used the part-whole task with the same stimuli and general procedure as Tanaka et al. ([@B40]). However, unlike that study, we used an Asian group living in a predominantly Asian country. We also evaluated participants' experience with other-race individuals. We also added an inverted face condition. Inverted faces have traditionally been viewed as the ideal control for upright faces as they are identically matched on low-level image properties. No previous studies that we are aware of have tested Asian participants on the part-whole task with inverted stimuli. A finding of *no* significant part-whole effect for inverted faces in Asian participants would suggest that the task is tapping upright face-specific mechanisms rather than reflecting the general tendency to process all things more globally than Caucasians.

The addition of the inverted condition also allows us to control for other non-face-specific sources of the whole-face advantage. The part-whole task has received some criticism for not being a pure measure of holistic processing. It has been argued that some of the effect may be coming from generic context effects (i.e., better memory in the whole condition where the target feature appears in its original studied context than in the part condition where it is presented with no context, Gauthier and Tarr, [@B7]) or transfer-appropriate processing effects (i.e., the effect may be driven by a mismatch between study and test in the part condition; a reverse part-whole effect, a part advantage, has been observed when parts rather than whole-faces are presented in the study phase, Leder and Carbon, [@B16]). Such effects, if present, should also occur for inverted faces.

Materials and Methods
=====================

Participants
------------

There were 38 Asian (24 female; mean age 23.1 years) and 38 Caucasian (30 female; mean age 21.7 years) participants. Asian participants were students or staff at the University of Hong Kong. All reported Chinese ancestry and China (Hong Kong/mainland) as their country of birth. None reported spending more than 6 months in a predominantly Caucasian country (e.g., UK). Caucasian participants were students at the University of Wollongong, Australia. The majority were born in Australia (1 England, 1 USA) and reported British or European ancestry. None reported spending more than 6 months in a predominantly Asian country. Participants received HK\$30 (approximately US\$4; Asian participants) or course credit (Caucasian participants) for the half hour experiment.

Design
------

For Asian participants test condition (part, whole), race-of-face (Asian, Caucasian), and orientation (upright, inverted) were varied within-subjects. Orientation was blocked and the order of upright and inverted blocks was counterbalanced across participants. For Caucasian participants, test condition (part, whole) and race-of-face (Asian, Caucasian) were varied within-subjects. A programming error meant data were only available from the second orientation block for each participant therefore orientation (upright, inverted) was a between subjects factor. Where comparisons on the part-whole task were made between the Asian and Caucasian participants, only results from the second block of trials for each group were included, with orientation as a between subjects factor[^1^](#fn1){ref-type="fn"}.

Materials
---------

### Face stimuli

The stimuli (Figure [1](#F1){ref-type="fig"}) were the same yearbook photographs of Caucasian and Asian males and females used by Tanaka et al. ([@B40]).

![**Example whole-face and isolated part test pairs (A) Caucasian female, (B) Asian female, (C) Caucasian male, and (D) Asian male**. Whole foil faces differ from the target by only one feature. In the part condition only the critical feature was shown. A whole-face was always shown in the study phase of each trial.](fpsyg-04-00029-g001){#F1}

There were 24 target faces: six Asian female, six Asian male, six Caucasian female, six Caucasian male. Within each of these sex and race categories a single face outline template was used. Each target face was created by pasting eyes, nose, and mouth features (taken from three different individuals) into the template.

Foils for the "whole" condition were created by swapping one feature (i.e., eyes, nose, or mouth) in the target face with that of another target face of the same race and sex. Target and foil stimuli for the "part" condition showed only the critical feature. Inverted stimuli were created by rotating each face by 180°.

At the viewing distance of approximately 60 cm whole-faces were an average of 5.1° vertical (hairline to chin) by 3.8° horizontal (cheek to cheek). For part trials the average sizes were: eyes 1.3° by 3.3°; noses 1.7° by 1.2°, and mouths 1.0° by 1.9°.

### Racial background and contact questionnaire

Participants reported their racial background, place of birth, and time spent living abroad (including location). Level of interaction with both races was assessed using a questionnaire adapted from Hancock and Rhodes ([@B8])[^2^](#fn2){ref-type="fn"}. Participants rated their agreement with 14 statements on a 6-point scale (1 = very strongly disagree; 6 = very strongly agree). Half the statements were about contact with Asian people and the remaining half were the same statements but about Caucasians \[e.g., "I socialize a lot with Asian (Caucasian) people"\]. A higher score indicates a greater degree of contact.

Procedure
---------

The part-whole task was presented on a 17″ CRT screen (resolution 1024 × 768) using Psyscope X (Cohen et al., [@B4]; <http://psy.ck.sissa.it/>). Participants were tested individually.

The trial procedure was the same as that used by Tanaka et al. ([@B40]) for their Asian participants. Each trial began with a fixation cross appearing at the center of the screen for 500 ms. The study face was then centrally presented for 500 ms followed by a scrambled face mask for 500 ms. The test pair, comprising the target face/feature and a foil face/feature, was then presented simultaneously approximately 11.4° apart until response. Participants pressed one key if the target was the left stimulus and another key for the right. A blank screen (1000 ms) followed each response.

Each orientation block comprised 144 trials. Each identity appeared as the target in six trials (three whole and three part), with each feature being the critical feature once in a whole trial and once in a part trial. Trial presentation order was randomized for each participant. The same trials were repeated, in different random order, in the upright, and inverted conditions. There was a 2 min break between orientation blocks.

The racial background and contact questionnaire followed the part-whole task.

Results
=======

Contact
-------

Self-reported contact with each race was calculated as the mean response to the seven statements regarding the particular race. An analysis of variance (ANOVA) with race-of-participant (Asian, Caucasian) as a between groups factor and race-of-contact (Asian, Caucasian) as a within-groups factor revealed a significant race-of-participant by race-of-contact interaction, *F*(1,74) = 292.41, MSE = 0.95, *p* \< 0.001. Asian participants reported significantly greater contact with Asian (*M* = 5.5, SEM = 0.1) than Caucasian people (*M* = 2.3, SEM = 0.1), *t*(37) = 16.52, *p* \< 0.001, correspondingly Caucasian participants reported significantly greater contact with Caucasian (*M* = 5.3, SEM = 0.1) than Asian people (*M* = 3.1, SEM = 0.2), *t*(37) = 8.93, *p* \< 0.001.The ANOVA also revealed a significant main effects of race-of-contact, *F*(1,74) = 8.22, MSE = 0.95, *p* \< 0.01, and race-of-participant, *F*(1,74) = 7.98, MSE = 0.42, *p* \< 0.01, due to Caucasian participants reporting significantly greater contact with other-race people than Asian participants, *t*(74) = 3.20, *p* \< 0.01.Reported contact with own-race people was not significantly different between the Asian and Caucasian groups, *t*(74) = 1.2, *p* \> 0.2.

Part-whole task: Accuracy by feature
------------------------------------

Previous studies using the part-whole task have found performance on trials where the nose is the critical feature to be particularly poor compared to eyes and mouth trials (Tanaka and Farah, [@B39]; Pellicano and Rhodes, [@B31]). Initial screening of our data revealed that accuracy for nose trials was very poor. In Asian participants, collapsing across race-of-face, part-whole condition, and orientation mean accuracies were 74% for eyes, 68% for mouths, and 57% for noses. Similarly in Caucasian participants, collapsing across race-of-face and part-whole condition mean accuracies upright were 78% for eyes, 74% for mouths, and 61% for noses and inverted were 69% for eyes, 73% for mouths, and 55% for noses. We were concerned that such poor overall performance for noses may have led to a restriction of range problem for that feature, that is, performance so poor in the whole condition there is little room for the part condition to be significantly worse (for a discussion of this issue see McKone et al., [@B19]). If this were the case the overall size of the part-whole effect may be diluted by a lack of effect for noses.

For Asian participants, a repeated measures ANOVA with Feature (eyes, nose, mouth), Race-of-face (Asian, Caucasian), Part-whole Condition (part, whole), and Orientation (upright, inverted) revealed a significant main effect of Feature, *F*(2,74) = 86.29, MSE = 259.66, *p* \< 0.001, and a significant Feature X Part-Whole Condition interaction, *F*(2,74) = 3.37, MSE = 222.33, *p* = 0.04, suggesting the size of the part-whole effect varied by feature. *A priori*, *t*-tests revealed that, for noses, there was no significant difference between whole and part conditions for Asian or Caucasian faces upright or inverted (all *p*s \> 0.2). Similarly for Caucasian participants a mixed ANOVA with Orientation as a between subjects variable also found a significant main effect of Feature, *F*(2,72) = 31.37, MSE = 290.33, *p* \< 0.001, and a significant Feature X Part-Whole Condition interaction, *F*(2,72) = 5.63, MSE = 191.00, *p* = 0.005, and *t*-tests showed no significant difference on nose trials between whole and part conditions for Asian or Caucasian faces upright or inverted (all *t*s \< 1). Overall there was no indication of a part-whole effect for nose trials. We therefore decided to exclude nose trials from further analysis. The same general patterns of part-whole results were observed when nose trials were included however fewer effects were significant. It should be noted that previous studies have not always included all features in analyses, Michel et al. ([@B23]) looked at the part-whole effect for eye trials only (nose and mouth trials were included in the experiment as "catch" trials).

Part-whole effect: Asian participants
-------------------------------------

### Accuracy

Our primary interest was whether Asian participants processed both own- and other-race faces holistically and, if so, whether this holistic processing was also present for inverted faces. The accuracy results presented in Figure [2](#F2){ref-type="fig"} show a strong whole over part advantage in the upright condition for both Asian and Caucasian faces, whereas inverted there was no sign of a part-whole effect for either race-of-face. This was supported by a repeated measures ANOVA with the variables Part-Whole Condition (whole, part), Race-of-Face (Asian, Caucasian), and Orientation (upright, inverted) which revealed significant main effects of Part-Whole Condition, *F*(1,37) = 21.67, MSE = 66.61, *p* \< 0.001, and Orientation, *F*(1,37) = 63.81, MSE = 158.64, *p* \< 0.001, and importantly a significant Part-Whole Condition X Orientation interaction, *F*(1,37) = 14.57, MSE = 84.71, *p* \< 0.001.The main effect of Race-of-Face and all interactions involving Race-of-Face were not significant, all *F*s \< 2.6, all *p*s \> 0.12. Further analyses were conducted on the upright and inverted conditions separately.

![**Asian participants show: (A) significant whole-face advantage in the upright condition for both Asian and Caucasian faces; and (B) no evidence of holistic processing for inverted faces of either race**. Error bars are as appropriate for making the within-subjects comparison between whole and part conditions (i.e., ±1 SEM of the whole -- part difference scores). \*\*\**p* ≤ 0.001.](fpsyg-04-00029-g002){#F2}

For *upright* faces (Figure [2](#F2){ref-type="fig"}A) a Part-Whole Condition X Race-of-Face repeated measures ANOVA produced a significant main effect of Part-Whole Condition, *F*(1,37) = 33.47, MSE = 79.88, *p* \< 0.001, and follow up *t*-tests showed the whole over part advantage was significant for both Asian faces, *t*(37) = 5.73, *p* \< 0.001, and Caucasian faces, *t*(37) = 3.47, *p* = 0.001.There was no significant main effect of Race-of-Face, *F* \< 1, MSE = 71.85 or interaction between Part-Whole Condition and Race-of-Face, *F* \< 1, MSE = 56.72, confirming that the size of the part-whole effect (whole minus part) was not larger for own-race (9.4%) than other-race (7.3%) faces.

For inverted faces (Figure [2](#F2){ref-type="fig"}B), a Part-Whole Condition by Race-of-Face ANOVA revealed no significant main effects or interaction, all *F*s \< 3.6, all *p*s \> 0.06.Asian participants showed no whole-face advantage for either Asian inverted faces, *t* \< 1, or Caucasian inverted faces, *t* \< 1. There was no evidence that Asian participants processed inverted faces holistically[^3^](#fn3){ref-type="fn"}.

### Reaction time

Participants were not instructed to respond as quickly as possible however to ensure there were no speed-accuracy trade offs median reaction times (RTs) for correct eyes and mouth trials for each condition were calculated for each participant. A repeated measures ANOVA with variables Part-Whole Condition (whole, part), Race-of-Face (Asian, Caucasian), and Orientation (upright, inverted) produced a main effect of Race-of-Face, *F*(1,37) = 5.59, MSE = 63446.97, *p* = 0.023, with faster responses for Asian faces (*M* = 1466 ms) than Caucasian faces (*M* = 1534 ms). There was also a significant main effect of Orientation, *F*(1,37) = 14.46, MSE = 293673.59, *p* = 0.001, with faster responses upright (*M* = 1382 ms) than inverted (*M* = 1618 ms). While the main effect of Part-Whole Condition was only marginally significant, *F*(1,37) = 3.75, MSE = 161151.68, *p* = 0.060, there was a significant Orientation by Part-Whole Condition interaction, *F*(1,37) = 30.71, MSE = 112415.92, *p* \< 0.001. All remaining interactions were non-significant, all *F*s \< 1. For upright trials a Part-Whole Condition X Race-of-Face repeated measures ANOVA again revealed a significant main effect of Race-of-Face, *F*(1,37) = 8.96, MSE = 17678.47, *p* = 0.005, indicating faster response for Asian (*M* = 1350) than Caucasian faces (*M* = 1414). There was also a significant main effect of Part-Whole Condition, *F*(1,37) = 5.00, MSE = 116707.89, *p* = 0.031, with longer RTs to Part (*M* = 1444) than Whole trials (*M* = 1320). The interaction was not significant, *F*(1,37) = 1.20, MSE = 26921.78, *p* \> 0.2.Therefore, there was no indication of a speed-accuracy trade off in the critical upright face condition. For inverted faces the same analysis produced a main effect of Part-Whole Condition, *F*(1,37) = 22.14, MSE = 156859.72, *p* \< 0.001, however in this case there was a reverse part-whole effect, that is, RTs were longer for Whole (*M* = 1769) than Part (*M* = 1467) trials. There was no significant main effect of Race-of-Face, *F*(1,37) = 1.79, MSE = 110056.78, *p* \> 0.1, or interaction, *F* \< 1, MSE = 80276.02.

Part-whole effect: Caucasian participants
-----------------------------------------

### Accuracy

The accuracy results shown in Figure [3](#F3){ref-type="fig"} suggest Caucasian participants, unlike the Asian participants, show a stronger whole-face advantage for own-race than other-race upright faces. An ANOVA with Part-Whole Condition and Race-of-Face as repeated measures factors and Orientation as a between groups factor produced significant main effects of Part-Whole Condition, *F*(1,36) = 19.16, MSE = 115.17, *p* \< 0.001, and Orientation, *F*(1,36) = 12.34, MSE = 290.38, *p* = 0.001, and a three-way interaction that approached significance, *F*(1,36) = 3.62, MSE = 95.50, *p* = 0.065. The main effect of Race-of-Face and remaining interactions were not significant, all *p*s \> 0.2.

![**Results for Caucasian participants**. **(A)** For upright faces a significant whole-face advantage was observed for Caucasian faces only. **(B)**. There was no significant part-whole effect for either race-of-face when faces were inverted. Note orientation was varied between subjects for the Caucasian participants. Error bars are as appropriate for making the within-subjects comparison between whole and part conditions (i.e., ±1 SEM of the whole -- part difference scores). \*\*\**p* \< 0.001.](fpsyg-04-00029-g003){#F3}

As we did for the Asian participants we analyzed the two orientations separately. For upright faces (Figure [3](#F3){ref-type="fig"}A) there was a significant main effect of Part-Whole condition, *F*(1,18) = 15.89, MSE = 103.86, *p* = 0.001. This was qualified by a significant interaction between Race-of-Face and Part-Whole Condition, *F*(1,18) = 5.19, MSE = 81.42, *p* = 0.035, confirming the part-whole effect was significantly larger for Caucasian faces (14.0%) than Asian faces (4.6%). Follow up *t*-tests found a significant whole-face advantage for Caucasian faces, *t*(18) = 4.69, *p* \< 0.001, but not Asian faces, *t*(18) = 1.42, *p* \> 0.1.

In the inverted orientation (Figure [3](#F3){ref-type="fig"}B) a Part-Whole Condition by Race-of-Face ANOVA revealed no significant main effect of race-of-face, *F* \< 1, MSE = 59.72, or interaction, *F* \< 1, MSE = 109.57. There was a main effect of part-whole condition, *F*(1,18) = 5.27, MSE = 126.48, *p* = 0.034 but the part-whole effect was not significant for either race-of-face considered alone: Caucasian faces \[4.6%, *t*(18) = 1.38, *p* \> 0.1\], Asian faces \[7.2%, *t*(18) = 1.96, *p* \> 0.06\]. *Post hoc* independent samples *t*-tests showed that for Caucasian faces the part-whole effect was significantly stronger for upright than inverted faces, *t*(36) = 2.10, *p* = 0.043, for Asian faces there was a non-significant trend in the reverse direction, *t* \< 1.

### Reaction time

An ANOVA on median RTs for correct eye and mouth trials with Part-Whole Condition and Race-of-Face as repeated measures factors and Orientation as a between groups factor revealed only a significant main effect of Race-of-Face, *F*(1,36) = 7.03, MSE = 28896.29, *p* = 0.012, with faster RTs for Asian (*M* = 1457 ms) than Caucasian faces (*M* = 1530). All other main effects and interactions were not significant, all *F*s \< 1.9, all *p*s \> 0.1.In the upright group there was no indication of a speed-accuracy trade off, since the trends in RT matched those seen for accuracy. Inverted, the pattern was similar to that shown by the Asian participant group -- a trend for longer RTs for whole compared to part trials.

Part-whole effect: Comparing Asian and Caucasian participants
-------------------------------------------------------------

Despite the suggestion of different patterns between the Caucasian and Asian participants analyses of the second block of trials did not produce statistically significant differences. To control for any differences in baseline accuracy standardized part-whole scores \[(% correct whole − % correct part)/(% correct whole + % correct part)\] were calculated for own- and other-race faces (Figure [4](#F4){ref-type="fig"}). A mixed ANOVA with Face Category (own, other) as a within-subjects variable and Orientation (upright, inverted) and Race-of-Participant (Asian, Caucasian) produced only a main effect of Race-of-Participants, *F*(1,72) = 4.53, MSE = 0.010, *p* = 0.037, reflecting larger part-whole effects for Caucasian than Asian participants. The main effect of Orientation was marginally significant *F*(1,72) = 3.79, MSE = 0.010, *p* = 0.056, suggesting stronger holistic processing for upright than inverted faces. The critical three-way interaction was not significant, *F* \< 1, MSE = 0.010, nor were the main effect of Face Category and all other interactions, *p*s \> 0.08.

![**Standardized part-whole effect (% correct whole − % correct part)/(% correct whole + % correct part) for (A) upright and (B) inverted own-race and other-race faces**. Error bars are ±1 SEM.](fpsyg-04-00029-g004){#F4}

Discussion
==========

Our main finding was that Asian participants showed strong holistic processing for upright own-race and other-race faces, and the part-whole effect was not weaker for other-race faces. This replicates a previous finding using the same stimuli in Asian participants living in Canada who reported no difference in contact with own- and other-race people (Tanaka et al., [@B40]). In the present study participants were living in a predominantly own-race environment and reported greater contact with own-race people. This finding also agrees with other previous demonstrations of strong holistic processing for other-race faces in Asian participants using different stimuli (Michel et al., [@B23]; Mondloch et al., [@B27]) and methods (i.e., composite effect Michel et al., [@B24]; Mondloch et al., [@B27]). Furthermore, there are no studies to the contrary, in that no previous studies have reported significantly stronger holistic processing for own-race over other-race faces in Asian participants. Importantly, we also found no indication of holistic processing for either race of inverted faces in Asian participants. This finding suggests that holistic processing of upright other-race faces is not the result of a tendency of Asian participants to process all stimuli globally. We are not aware of any previous studies that have tested holistic processing for inverted faces in Asian participants.

A different pattern was observed for Caucasian participants who, as in previous studies, showed stronger holistic processing for upright own-race faces than other-race faces. This result supports previous findings using these stimuli (Tanaka et al., [@B40]), different stimuli (Michel et al., [@B23]; Mondloch et al., [@B27]), and different methods (Michel et al., [@B24]). Although there was a significant part-whole effect for inverted faces with Caucasian participants, the effect was relatively weak, was not statistically significant for either race-of-face by itself, and was not statistically different from the lack of part-whole effect observed for inverted faces with Asian participants. Furthermore, previous studies have occasionally found significant part-whole effects for inverted faces (Palermo and Rhodes, [@B29]; Boutet and Faubert, [@B1]) possibly stemming from non-face-specific context effects (i.e., more change to the image between study and test in the part condition than the whole condition leading to poorer performance in the part condition). Overall, therefore, the most theoretically important finding for Caucasian participants was that the part-whole effects for inverted faces were predictably much smaller than that seen for own-race upright faces.

These race differences need to be interpreted with caution given the lack of significant effects when directly comparing the two participant groups, however, this pattern of results supports previous findings of a difference between Asian and Caucasian participants in the holistic processing of other-race faces (Tanaka and Farah, [@B39]; Michel et al., [@B23],[@B24]; Mondloch et al., [@B27]). Importantly, the findings of the present study argue against two previous explanations of the holistic processing of other-race faces observed for Asian participants.

First, in two previous studies (Tanaka et al., [@B40]; Michel et al., [@B23]) Asian participants had substantially more other-race contact than the Caucasian participants suggesting that experience with other-race faces could explain the presence of holistic processing. Greater contact with other-race individuals has been associated with a reduction in the ORA in memory (for review see Meissner and Brigham, [@B22], although not always, e.g., deHeering et al., [@B5]) and the ORA in size of the inversion effect (Hancock and Rhodes, [@B8]). Here we attempted to minimize differences between the groups in other-race contact by testing participants living in predominantly own-race environments but still found holistic processing of other-race faces by Asian participants. Moreover, both Asian and Caucasian participants reported greater in-person contact with own-race than other-race people yet only the Caucasian group showed greater holistic processing for own-race faces. These results suggest that amount of contact is not the exclusive source of holistic processing of other-race faces. However we did not assess the quality of in-person contact (Bukach et al., [@B3]) or exposure to other-race faces in the media. Future studies using another race-of-faces other than Caucasian as the other-race face stimuli (e.g., African faces) may strengthen these conclusions.

If not amount of contact, what other factors might influence the presence of holistic processing for other-race faces? The age at which experience with other-race faces is gained may be an important factor. Recent studies have shown that the ORA in recognition is present in children as young as 6 months (Kelly et al., [@B13], [@B12]; Heron-Delaney et al., [@B10]). However if infants are exposed to other-race faces, then discrimination ability for other-race faces is maintained at 9 months (Heron-Delaney et al., [@B10]). It could be that holistic processing is observed for other-race faces if some amount of contact is gained within a sensitive period early in development. Another factor possibly influencing holistic processing of other-race faces is social categorization. Michel et al. ([@B25], [@B26]) have shown that the strength of holistic processing for ambiguous race faces (i.e., a morph between a Caucasian and an Asian face) can be influenced by changing the perceived race, that is, the composite effect is larger when an ambiguous face is perceived as own-race than when the same face is perceived as other-race. It could be that holistic processing is observed for other-race faces if they are categorized as "own-group" in some way.

Second, this study provides the first demonstration that holistic processing of other-race faces by Asian participants may not result from a domain-general global processing bias. Asian participants showed strong holistic processing for both Asian and Caucasian *upright* faces, but there was no evidence of holistic processing for inverted faces. Recent studies have suggested that holistic processing might sometimes occur for inverted faces and that therefore inverted faces may not be a pure control stimulus (Richler et al., [@B35]). However contrary to this we found no indication of holistic processing as measured by the part-whole effect for inverted faces in our Asian participant group. Thus, rather than Asian participants exhibiting a general tendency to process all stimuli globally, holistic processing was limited to upright faces suggesting face-specific mechanisms as the origin. Further, our analysis comparing the two groups of participants found Caucasian participants overall displayed significantly stronger holistic processing than Asian participants.

Together with previous findings our results suggest wider use of face-specific mechanisms by Asian participants. There appears to be a difference between Asians and Caucasians in the degree of variability tolerated by face processing mechanisms, that is, for Caucasians holistic processing as measured by the part-whole effect is more strongly activated for own-race faces, whereas for Asians holistic processing can be used for face types beyond those commonly experienced. Alternatively, rather than reflecting a face-specific phenomena, it could be that Asians show greater global processing for objects in their canonical orientation. Future studies with Asian participants using non-face stimuli that are not processed holistically by Caucasian participants (e.g., Labrador dogs, Robbins and McKone, [@B37]) would test this possibility.

Origins of the ORA in recognition memory
----------------------------------------

The consistent finding that Asian participants show holistic processing for other-race faces brings in to question the claim that the ORA for recognition results from weak holistic processing of other-race faces. While the present study did not test the ORA in memory, previous studies have found a memory advantage for own-race faces in Asians in Hong Kong and Caucasians in Australia (Rhodes et al., [@B34]; Hayward et al., [@B9]). Our holistic processing results are also consistent with those of previous studies that have found an ORA in Asian participants despite not finding a race-of-face effect for holistic processing (Michel et al., [@B23],[@B24]). Indeed, these latter studies also demonstrated a lack of a correlation between the ORA and the holistic processing advantage for own-race faces in Caucasian participants, suggesting that more generally the strength of holistic processing may be related only indirectly to differences in recognition memory ability for own- and other-race faces.

Here we have considered only one aspect of the "special" processing of faces. While holistic processing deficits for other-race faces might not be the source of the ORA, tasks tapping different aspects of face processing do show complementary effects in Asian and Caucasian participants. Rhodes et al. ([@B32])and Hancock and Rhodes ([@B8]) demonstrated larger inversion effects for own-race than other-race faces in both groups. Inversion not only disrupts holistic processing but also configural (spacing between the features) and component (feature shape) processing (see McKone and Yovel, [@B21], for review). Tasks directly tapping configural and component processing reliably produced larger effects for own-race faces in both Asian and Caucasian participants (Rhodes et al., [@B34], [@B33]; Hayward et al., [@B9]; Mondloch et al., [@B27]), suggesting that poor sensitivity to aspects of face-specific processing other than holistic processing might underlie the ORA.

Implications for face recognition
---------------------------------

This discussion has highlighted a gap in the understanding of the relationship between holistic processing and face recognition ability. Rather than being something that everybody is good at, recent evidence suggests that within the general population there exists a broad range of face recognition abilities (e.g., Bowles et al., [@B2]). The recent finding that congenital prosopagnosics who, by definition, display poor face recognition also show weaker holistic processing, suggests there is a link between holistic processing and recognition (Palermo et al., [@B30]). Early studies at an individual differences level have produced mixed results, while some researchers have found a relationship between holistic processing and recognition (Richler et al., [@B35]; Wang et al., [@B41]), others have not (Konar et al., [@B15]). Studies investigating race-of-face effects from an individual differences perspective may help clarify the relationship between measures of holistic/configural processing and recognition ability.
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^1^The Asian participants' results for the second condition alone followed the same pattern as those in the full within-subjects design.

^2^We used the more general term "Asian" rather than "Chinese" on the questionnaire as the ethnicity of the face stimuli used was not specified by Tanaka et al. ([@B40]) and it is unlikely that our Caucasian participants were aware of the exact ethnic background of every Asian person they have encountered.

^3^To explore the possibility that a floor effect masked a part-whole effect in the inverted condition we ran 10 additional Asian participants on the inverted task with extended study duration (1000 ms) to boost accuracy. Overall mean accuracy for eyes and mouth trials was 73%. The whole-face advantage was again small and non-significant for both Asian (*M* = 0.8, *t* \< 1) and Caucasian faces (*M* = 2.1, *t* \< 1).
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